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CLAIMS

[Claim(s)]
[Claim 1]In accordance with the multi-pilot block equalizing method characterized by comprising
the following, In a pilot synchronous detection method of detecting a signal inserted among the
slots in which a pilot block containing the singular number or two or more pilot symbols contains
two or more data symbols, respectively, As opposed to a pilot block made into an object of
processing which a data symbol made into an object of the above—mentioned amendment asks
for the above—mentioned weighted average, Embrace physical relationship which it has and big
dignity is assigned to a high pilot block compared with a pilot block of others [ correlation / with
the data symbol concerned ], A pilot synchronous detection method carrying out change setting
out of the dignity at the time of asking for the above—mentioned weighted average for every data
symbol so that small dignity may be assigned to a low pilot block compared with a pilot block of
others [ correlation / with the data symbol concerned 1.

A step which creates pilot block information which shows change of amplitude and/or a phase
which are contained in each pilot block about three or more pilot blocks inserted in a different
position, respectively.

A step amended to the data symbol for compensating change of amplitude and/or a phase which
are contained in a data symbol based on a weighted average of the created pilot block
information.

[Claim 2]A pilot synchronous detection method setting up two or more fields which contain two
or more data symbols, respectively in each slot in a pilot synchronous detection method
according to claim 1, and carrying out change setting out of the dignity at the time of asking for
the above—mentioned weighted average for every field.
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention between the slot and slot which contain two or more data
symbols, respectively, The pilot block which generally contains two or more pilot symbols is
inserted, About the pilot synchronous detection method of performing amendment of a phase or
amplitude to a data symbol using this pilot block, Change of the phase and amplitude especially
generated by phasing etc. in digital mobile communication, such as wideband CDMA, In order to
enable it to amend suitably and to realize reception with a good bit error rate (BER) also in a
high field also in the field where fading frequency is low, it is related with improvement performed
to the multi—pilot block equalizing method.

[0002]

[Description of the Prior Art]When performing pilot synchronous detection, as shown in drawing
3, the logic inserts between slots the pilot block P1 which is known, P2, P3, P4, and — with a
constant period. In order that each pilot block may improve reliability, it constitutes by two or
more pilot symbols in general, but the singular number may be sufficient as the number of a pilot
symbol. In pilot synchronous detection, it is presumed through what kind of signal transmission
line the data symbol which constitutes each slot is passing using the pilot symbol thru/or pilot
block first inserted with such a gestalt. Next, a changed part of the phase and amplitude
contained in each data symbol is compensated using the result.

[0003]There are the equalizing method, a method of linear interpolation, the multi—pilot block
equalizing method, etc. in the technique of pilot synchronous detection. With the equalizing
method and a method of linear interpolation, the pilot block information reflecting a changed part
of its phase and amplitude is created before long, respectively from two pilot blocks (drawing 3
P2 and P3) which sandwich an object—-of-amendment slot (refer to drawing 3). In the equalizing
method, above—-mentioned compensation is given about the data symbol which asks for the
average (load) of two created pilot block information, and belongs to an object—of—-amendment
slot using the average (load) for which it asked. Two created pilot block information is used in a
method of linear interpolation, Linear interpolation is performed according to the position of each
data symbol under object—of-amendment block inserted into two corresponding pilot blocks, and
above—mentioned compensation is given about the data symbol which belongs to an object—of—
amendment slot using the information acquired by this.

[0004]There are merits and demerits in the equalizing method and a method of linear
interpolation mutually. First, the strong point of the equalizing method is that the signal
deterioration by thermal noise can be reduced since the average effect of pilot blocks is high,
therefore low BER is obtained in the field where fading frequency is comparatively low. On the
other hand, since the pilot block information which the strong point of a method of linear
interpolation requires for the pilot block with high correlation with the data symbol near the data
symbol which has been the target of the above—mentioned compensation therefore will be used
heavily, It is that low BER is obtained in the field in which phasing flattery nature is good and
fading frequency is comparatively high.

[0005]The multi-pilot block equalizing method (see Shingaku Giho RCS96-72 (1996-08) and the




45th page — the 50th page besides “the high precision channel estimate method using two or
motre pilot blocks in DS-CDNA” and Ando) is improvement of the equalizing method.

It is the method of creating pilot block information further also about the next pilot block (if it
says by drawing 3, it will be P1 and/or P4) in addition to two pilot blocks which sandwich an
object—of-amendment slot, and making it into the object of a weighted average.

Therefore, according to the multi—pilot block equalizing method, in the field where fading
frequency is low, even if compared with the method of equalizing old, low BER can be obtained.
However, since the average effect is high compared with the method of equalizing old, even if
compared with the method of equalizing old, generally BER in the field where fading frequency is
high is inferior. If it says generally, in the field where fading frequency is low, using the multi—pilot
block equalizing method in the field of middle, and using a method of linear interpolation in the
equializing method and a high field can say that it is desirable.

[0006]

[Summary of Invention]There is one of the purposes of this invention in realizing the pilot
synchronous detection method that suitable BER can be provided, [ a large fading frequency
zone ] compared with the former in view of the actual condition that the optimal pilot
synchronous detection methods differ for every zone of fading frequency. The point that the
artificer perceived the 1st in relation to this purpose, it is required to use the processing which
averages pilot blocks, in order to heighten the average effect of a pilot block and to obtain good
BER about the field where fading frequency is low by extension, and to enlarge the number of
the pilot block made into the object of this processing —— it comes out. In order to improve
phasing flattery nature and to obtain good BER about the field where fading frequency is high by
extension, the 2nd focus, it is required to compensate a part for its phase and amplitude
fluctuation about each data symbol, mainly using the pilot block in the position near the data
symbol, i.e., the pilot block in which correlation with the data symbol is comparatively high, —— it
comes out. each of equalizing methods in the former, methods of linear interpolation, and multi—
pilot block equalizing methods made the slot the unit, and the 3rd focus has given the
information (dignity at the time of asking for a weighted average, if it says by the multi-pilot
block equalizing method) for amendment —— it comes out.

[0007]In this invention, the multi—pilot block equalizing method for using three or more pilot
blocks is used in order to heighten the average effect of a pilot block and to obtain good BER
about the field where fading frequency is low by extension. If it says more details, about three or
more pilot blocks inserted in the different position, The pilot block information which shows
change of the amplitude and/or the phase which are contained in each pilot block is created, |
respectively, How to amend to the data symbol for compensating change of the amplitude and/or

the phase which are contained in the data symbol based on the weighted average of the created

pilot block information is used.

[0008]In this invention, the pilot block in the position near the data symbol, i.e., the pilot block in

which correlation with the data symbol is comparatively high, is mainly used in order to improve

phasing flattery nature and to obtain good BER further about the field where fading frequency is

high by extension. The data symbol made into the object of amendment carries out change

setting out of the dignity at the time of asking for a weighted average for every data symbol at

details according to the physical relationship which it has to the pilot block made into the object

of the processing which asks for a weighted average more. By this, correlation with an object—
of-amendment slack data symbol assigns big dignity to a high pilot block compared with other !
pilot blocks, and correlation with an object—of-amendment slack data symbol assigns small |
dignity to a low pilot block compared with other pilot blocks.

[0009]Therefore, according to this invention, BER good also in a field h|gh also in the field where
fading frequency is low can be obtained. . Namely, in this invention, give the information for
amendment by making a slot into a unit. The way of thinking common to the conventional method
of saying is converted, and since he is trying to give the information for the amendment
concerned by making into a unit the data symbol which is a smaller unit, good BER can be
obtained [ a large fading frequency zone ]. If two or more fields which contain two or more data
symbols, respectively are set up in each slot and it is made to carry out change setting out of !




the dignity at the time of asking for a weighted average for every field, Size of the memory
(ROM) for being able to stop the frequency of a dignity change and memorizing dignity can be
made small.

[0010]

[Embodiment of the Invention]Hereafter, the suitable embodiment of this invention is described
based on a drawing.

[0011]The processing in the pilot synchronous detection method concerning one embodiment of
this invention is notionally shown in drawing 1. In this figure, the object—of~amendment slot
pinched by the pilot block P2 and the pilot block P3 is divided into the three fields A, B, and C.
The object—of-amendment slot contains 40 symbols, in the Oth — the 9th symbol, the 10th — the
29th symbol belong to the field B, and the 30th — the 39th symbol belong to the field A in the
field C, respectively.

[0012]In this embodiment although the multi—pilot block equalizing method is used, Unlike the
conventional multi—pilot block equalizing method, the multi—pilot block equalizing method in this
embodiment does not weight average pilot block information using the dignity common to the
whole object—of-amendment slot, the field A, B, and C produced by dividing an object—of-
amendment slot —— it being alike, respectively, and, [ relate and ] Set up different dignity, and the
field where an object—of-amendment symbol (the data symbol which belongs to an object—of—
amendment slot and is trying to perform amendment about change of a phase and amplitude
after this) belongs responds for whether being which field, and chooses either among 3 sets of
dignity, It is supposed that the weighted mean process of pilot block information is performed
using 1 set of selected dignity.

[0013]The dignity in this embodiment is defined according to the relative physical relationship of
the field A, B, and C and each pilot blocks P1-P4. For example, among the fields within an
object—of-amendment slot, since the pilot block nearest to the field A is the pilot block P2, it
gives bigger dignity than the dignity by which the pilot block information concerning other pilots
is multiplied to the pilot block information concerning the pilot block P2. Similarly, since the pilot
block nearest to the field C is the pilot block P3, the biggest dignity is given to the pilot block
information concerning the pilot block P3, and the pilot block information concerning other pilot
blocks is multiplied by smaller dignity.

[0014]For example, when compensating change of a phase and amplitude about the data symbol
belonging to the field A. The dignity of 0.769 is set to the pilot block information concerning the
pilot block P2, and the dignity of 0.115 is set, respectively to the pilot block information
concerning the pilot blocks P1 and P3. When compensating the data symbol belonging to the field
B for change of a phase and amplitude, The dignity of 0.3125 is assigned to the pilot block
information concerning the pilot blocks P2 and P3, respectively, and the dignity of 0.1875 is
assigned to the pilot block information concerning the pilot blocks P1 and P4, respectively. When
compensating the data symbol belonging to the field C for change of a phase and amplitude, the
dignity of 0.769 is assigned to the pilot block information concerning the pilot block P3, and the
dignity of 0.115 is assigned to' the pilot block information concerning the pilot blocks P2 and P4,
respectively. The numerical value shown here is only an example.

[0015]Thus, cover the whole object-of-amendment slot and the same dignity is not used, divide
an object—of-amendment slot into two or more fields (drawing 1 three pieces), and each field
switches dignity according to the relative physical relationship which it has to each pilot block ——
in details more. Dignity of the pilot block information which is in the position comparatively near
an object—of-amendment symbol, and requires correlation with this object—of-amendment
symbol for a high pilot symbol is enlarged comparatively, By making comparatively small dignity
of the pilot block information which is in a position comparatively far from an object—of-
amendment symbol, and requires correlation with this object—of-amendment symbol for a low
pilot symbol, Compared with the conventional equalizing method or the multi—pilot block
equalizing method, BER in the field where fading frequency is high can realize a good device good
[ phasing flattery nature ] therefore.

[0016]Although dignity may be switched and set up for each [ belong to an object—of—
amendment slot ] data symbol of every, if it is made such, the memory for memorizing the dignity




corresponding to each data symbol, for example, the size of ROM, must be enlarged. If an

obj ect—of~amendment slot is comparatively divided into a small number of field (a figure three
pieces) and it is made to carry out change setting out of the dignity for every field like this
embodiment, the size of a required memory will also be small and will end.

[0017]The functional constitution of the device which realizes the pilot synchronous detection
method concerning this embodiment is shown in drawing 2. The receive buffer 10 memorizes
among a figure the signal received via the transmission line (generally phasing transmission line)
one by one [ two or more slots 1. The pilot symbol is expressed with “P” among a figure, and the
data symbol is expressed with “D.” TPC (Tx PowerControl) is shown by “T” and it is used for
transmission power control.

[0018]The pilot block information preparing part 12 extracts a pilot block from the signal on the
receive buffer 10. In the example shown in this figure, the numbers of bits of each symbol are |
channel and 8 bits of Q channels each, and it is supposed that each pilot block contains four
pilot symbols. Therefore, the pilot block taken out by the pilot block information preparing part
12 is the sum total, and is 8x2x4=64 bit. The pilot block information preparing part 12 creates
pilot block information by equalizing four pilot symbols contained in the extracted pilot block.
Therefore, the number of bits of one pilot block information is 8x2=16 bit. The pilot block
information preparing part 12 performs publicly known logic amendment to each pilot symbol
conventionally in advance of equalization in order to equalize possible. The pilot block
information preparing part 12 memorizes the created pilot block information by two or more
blocks. In the example shown in this figure, a total of six pilot block information is held by the
pilot block information preparing part 12 from the pilot block information PB (n—5) concerning the
pilot block of five pieces ago to the latest pilot block PB (n).

[0019]The multi-pilot block equalizing processing part 14, It asks for the weighted average of the
pilot block information PB (n—5)-PB (n) by multiplying the group of the pilot block information PB
(n—5)-PB (n) by 1 set of dignity read from ROM16 to build in, and computing an average from the
result of this multiplication further. If I channel component of each pilot block information is

expressed as Ip and Q channel component is expressed as Qp, Weighted average Ip ~ (n) of Ip
can express I channel component of the equalized pilot block information which is acquired by

the multi—pilot block equalizing processing part 14, and weighted average Qp ~ (n) of Qp can
express Q channel component, respectively.

[0020]The symbol amendment part 18 is based on the pilot block information (Ip ~ (n) Qp ~ (n))
after the equalization obtained by the multi—pilot block equalizing processing part 14, and is the

following formula. [Equation 1]lc=[ (n) 1 Ip ~ (n)+Qp ~ (n)
Qc=[(n) ] Ip " (n)-Qp ~ (n)

It is alike, and it follows and a correction vector (Ic (n), Qc (n)) is calculated. the correction
vector (Ic (n).) produced by carrying out the symbol amendment part 18 in this way The amended
data symbol (le, Qe) is generated by multiplying the object—of-amendment symbol read from the
receive buffer 10, i.e., the data symbol belonging to an object-of-amendment slot, (Id, Qd) by Qc
(n). This correction output is the following formula. [Equation 2]le=Id-Ic(n)-Qd-Qc (n)
Qe=Qd-Ic(n)Hd-Qc (n)

It is come out and given.

[0021]The multi—pilot block equalizing processing part 14, It is identified to which field an object-
of-amendment symbol (Id, Qd) belongs among the fields A, B, and C in an object—of-amendment
slot, It has decided whether choose any among 3 sets of dignity memorized on ROM16 according
to the result, and to give the pilot block information PB (n—=5)-PB (n). For example, when an
object-of-amendment symbol (Id, Qd) belongs to the field A. Dignity by which the pilot block
information PB (n-5)-PB (n) is multiplied is set to (0, 0.115, 0.769, 0.115, 0, 0), When an object-
of-amendment symbol (Id, Qd) belongs to the field D, dignity is changed so that this may be
referred to as using (0, 0.1875, 0.3125, 0.3125, 0.1875, 0). By this, change setting out of the
dignity of every [ concerning the feature of this embodiment / which was subdivided ] field A, B,
and C is realizable.




[0022]It is the balance of the accuracy demanded and the output delay permitted, and what is
necessary is just to decide about how many kinds of pilot block information should be held in the
example of this figure, although six kinds of pilot block information are held in the pilot block
information preparing part 12. Namely, if more pilot block information is held in the pilot block
information preparing part 12, in the symbol amendment part 18, can perform more exact
amendment to an object—of-amendment symbol (Id, Qd), and can realize general more good BER,
but. On the other hand, size of the receive buffer 10 must be enlarged and delay occurs in an
output. Therefore, it is desirable to increase the number of the pilot block information held by
the pilot block information preparing part 12 within the limits of the output delay permitted.
[0023]in this embodiment, it is selectively determined any are used among three kinds of dignity
on ROM16 as mentioned above according to the position of the field A, B, and C within an
object-of-amendment slot. What is necessary is just to appoint the memory space for
memorizing dignity about into how many fields an object—of-amendment slot should be classified
according to whether it is allowed to enlarge to what extent (that is, to what extent can
occupancy memory space on ROM16 be enlarged?). Namely, what is necessary is to lessen the
number of a field, if you would like to make small memory space used in the multi-pilot block
equalizing processing part 14, and just to enlarge the number of a field, if you would like to obtain
an exact correction output conversely, since memory space may be occupied somewhat.
Although it is desirable ideally that it is made to carry out change setting out of the dignity for
every data symbol, it is desirable to set up actually the field containing two or more data
symbols in an object—of-amendment slot and for it to also make the number of the field
concerned the comparatively small number.

[0024]In this embodiment, the object—of-amendment symbol (Id, Qd) has changed dignity
according to to any of the field A, B, and C it belongs. In addition, it may be made to change
dignity according to the fading frequency fd. Namely, although not illustrated, the fading
frequency fd is detected using the fading frequency detector circuit which has well-known
composition, Since amendment according to the height of fading frequency can be performed if it
decides selectively any are used among the dignity of each class on ROM16 according to both
the position of an object—of-amendment symbol (Id, Qd), and this fading frequency fd, a
correction output will become still more exact.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 ¥%%* shows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[Drawing 1]It is a figure showing notionally the pilot synchronous detection method concerning
one embodiment of this invention.

[Drawing 2]It is a block diagram showing an example of the functional constitution of a device
which realizes this embodiment.

[Drawing 3]It is a figure showing notionally the pilot synchronous detection method concerning 1
conventional technology.

[Description of Notations]

10 A receive buffer and 12 A pilot block information preparing part and 14 Multi—pilot block
equalizing processing part, 16 ROM and 18 A symbol amendment part, and PB (n-5)-PB (n) Pilot
block information (Id, Qd), an object—of-amendment symbol, a correction vector (Ic (n), Qc (n))
(Ie, Qe), and correction output (amended data symbol).

[Translation done.]
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